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WO 01/38507 
PCT/J POO/02049 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 




To: 



HIRAKI, Yusuke 

Toranomon No. 5 Mori Building, 
Third Floor 

17-1, Toranomon 1-chome 
Minato-ku, Tokyo 105-0001 

^H IRAKI' 



International application No. 
PCT/J POO/02049 


International filing date (day/month/year) 

30 March 2000 (30.03.00) 


Priority date (day/month/year) 

19 November 1999 (19.11.99) 


Applicant JApAN gs represented by SECRETARY OF AGENCY OF INDUSTRIAL SCIENCE 
AND TECHNOLOGY et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 
US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
EP 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
31 May 2001 (31.05.01) under No. WO 01/38507 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 1 9 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/1B/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



Th Internati nal Bureau of WIPO 


Authorized officer 


34, chemin des C fombettes 


J. Zahra 


121 1 Geneva 20, Switzerland 


Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 



Form PCT/IB/308 (July 1996) 4045206 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 

FTAT^-I INII^ rVAMFRIHl IF 

C 1 M 1 O UIMIO U /-UVI C n 1 \J.\J c 

in its capacity as elected Office 


Date of mailing (day/month/year) 
30 July 2001 (30.07.01) 




International application No. 
PCT/JP00/02049 


Applicant's or agenfs file reference 
PH-935-PCT 


International filing date (day/month/year) 
30 March 2000 (30.03.00) 


Priority date (day/month/year) 

19 November 1999(19.11.99) 


Applicant 

| NAKAYAMA, Ken-ichi et al 



1. The designated Office is hereby notified of its election made: 

| X| in the demand filed with the International Preliminary Examining Authority on: 

18 May 2001 (18.05.01) 



| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X| 

□ 



was 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule.32.2(b). 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


Maria Kirchner 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 



JP0002049 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION Or THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: • I 
HIRAKI, Yusuke 

Toranomon No.5 Mori Building, 
Third Floor 

17-1, Toranomon 1-chome 
Minato-ku, Tokyo 105-0001 

IAPHN 


Date of mailing (day/month/year) 
18 July 2001 (18.07.01) 


Applicant's or agent's file reference 
PH-935-PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/J POO/02049 


International filing date (day/month/year) 
30 March 2000 (30.03.00) 



1. The following indications appeared on record concerning: 

X the applicant X the inventor [ ] the agent | | the common representative 


Name and Address 

JIGAMI, Yoshifumi 
6-255, Sakae-machi 
Ushiku-shi, Ibaraki 300-1 233 
Japan 


State of Nationality 
JP 


State of Residence 
JP 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
| [ the person | | the name X the address | | the nationality | | the residence 


Name and Address 

JIGAMI, Yoshifumi 
6-255, Sakae-cho 
Ushiku-shi, Ibaraki 300-1233 
Japan 


State of Nationality 
JP 


State of Residence 
JP 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
| X| the receiving Office | X| the designated Offices concerned 

the International Searching Authority the elected Offices concerned 
| | the International Preliminary Examining Authority | | other: 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Y. KU WAHARA 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 004157526 



PA^NT COOPERATION TREAT ' 



From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 



To: 



HIRAKI, Yusuke 

Toranomon No.5 Mori Building, 
Third Floor 

17-1, Toranomon 1-chome 
Minato-ku, Tokyo 105-0001 



Date of mailing (day/month/year) 
17 July 2001 (17.07.01) 




Applicant's or agent's file reference 
PH-935-PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/JP00/02049 


International filing date (day/month/year) 
30 March 2000 (30.03.00) 



1. The following indications appeared on record concerning: 

[ ] the inventor 



the applicant 



[~| the agent | | the common representative 



Name and Address 


State of Nationality 


State of Residence 


JAPAN as represented by SECRETARY 

OF AGENCY OF INDUSTRIAL SCIENCE 

AND TECHNOLOGY 

3-1 , Kasumigaseki 1-chome 

Chiyoda-ku, Tokyo 100-8921 

Japan 


JP 


JP 


Telephone No. 
0298-61-2175 


Facsimile No. 
0298-61-2174 




Teleprinter No. 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning 
| J the name 



X 



the person 



□ 



the address 



□ 



the nationality 



□ 



the residence 



Name and Address 


State of Nationality 


State of Residence 


NATIONAL INSTITUTE OF ADVANCED 
INDUSTRIAL SCIENCE AND TECHNOLOGY 
3-1, Kasumigaseki 1-chome 
Chiyoda-ku, Tokyo 100-8921 
Japan 


JP 


JP 


Telephone No. 
0298-61-2175 


Facsimile No. 
0298-61-2174 






Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X| the receiving Office 
[' | the International Searching Authority 
| "J the International Preliminary Examining Authority 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


Y. KUWAHARA 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 004156706 



| X| the designated Offices concerned 
| | the elected Offices concerned 
| | other: 
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PATENT COOPERATION TrJ^Y 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPOR 

(PCT Article 36 and Rule 70) 



JAN I « 2003 
CENTER W/2& 



Applicant's or agent's file reference 
PH-935-PCT 


SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PC T/IPEA/4 1 6) 


International application No. 

PCT/JP00/02049 


International filing date (day/month/year) Priority date (day/month/year) 

30 March 2000 (30.03.00) 19 November 1999 (19.1 1.99) 


International Patent Classification (IPC) or national classification and IPC 

C12N 9/90, 15/61, C12P 19/02, CI 2N 1/19// (C12N 1/19, C12R1 :865) 


ApP,ICan NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



. sheets, including this cover sheet. 



| — I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
I — I amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of _ 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

VI I X i Certain documents cited 

yrj j^j Certain defects in the international application 
YjjT Q^J Certain observations on the international application 



I 

n □ 
in □ 

IV □ 

V 



Date of submission of the demand 

18 May 2001 (18.05.01) 


Date of completion of this report 

22 January 2002 (22.01.2002) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



xernational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT I PCT/JP00/02049 



f 



I. Basis of the report 



1. With regard to the elements of the international application:* 
[^| the international application as originally filed 

| ] the description: 

pages > as originally filed 

pages , filed with the demand 
pages , filed with the letter of 



j ] the claims: 

pages , as originally filed 

pages > as amended (together with any statement under Article 1 9 
pages , filed with the demand 
pages , filed with the letter of 



1 1 the drawings: 

pages » 355 ori 8 ma,1 y flled 

pages , filed with the demand 

pages , filed with the letter of 

| | the sequence listing part of the description: 

pages , as originally filed 

pages ( , filed with the demand 

pages ^ __, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

|~| the language of a translation furnished for the purposes of international search (under Rule 23. 1 (b)): 
I | the language of publication of the international application (under Rule 48.3(b)). 

f ! the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. 

DK1 filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I 1 furnished subsequently to this Authority in computer readable form. 

I | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

I 1 The amendments have resulted in the cancellation of: 

1 I the description, pages 

I 1 the claims, Nos. 



I I the drawings, sheets/fig . 



I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' ' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70 J 6 
and 70 J 7). 

** Any replacement sheet containing such amendments must be referred to under item J and annexed to this report. 



Form PCT/IPEA/409 (Box I) (July 1998) 



mm 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 


International application No. 
PCT/JP 00/02049 


V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


1 . Statement 




Novelty (N) Claims 


1-9 YES 


Claims 


NO 


Inventive step (IS) Claims 


1-9 YES 


Claims 


NO 



Industrial applicability (IA) 



Claims 
Claims 



1-9 



YES 
NO 



Citations and explanations 



Document 1 : 
Document 2 ; 

Document 3 : 



Plant Journal, 2000, Vol. 21, pp. 445-454 
Structure, 1998, Vol. 6, No. 11, pp. 
1453-1465 

Acta Crystallographica Section D Biological 
Crystallography, 1998, Vol. 54, No. 4, pp. 
684-686 



The inventions set forth in Claims 1-9 involve an 
inventive step relative to Documents 1-3, cited in the 
international search report. Documents 1-3 do not disclose 
a sequence in SEQ ID NO:l or 2, and a person skilled in 
the art could not easily deduce these sequences from 
Document 1-3. 



Form PCT/IPEA/409 (Box V) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



f 



ernational application No. 

PCT/JP00/02049 



VI. Certain documents cited 



1. Certain published documents (Rule 70.10) 



Application No. 
Patent No. 



W099/64618 Al 
[P,X] 



Publication date 

(day/month/year) 



Filing date 
(day/month/year) 



16 December 1999(16.12.1999) 26 May 1999(26.05.1999) 



Priority date (valid claim) 
(day/m onth/year) 

08 June 1998 (08.06.1998) 



2. Non-written disclosures (Rule 70.9) 

Date of written disclosure 

Kind of non-written disclosure Date of non-written disclosure referring to non-written disclosure 

(day/month/year) (day/month/year) 



Form PCT/IPEA/409 (Box VI) (July 1998) 




(fS)»»t8*ft»l=*-J^r»IIH**tfcBII8ai 



iff' 



09) i&^mnmmmmw 

(43) B»ttlMB 
2001 ^5 ^31 H (31.05.2001) 




PCT 



(10) BBS^ 

WO 01/38507 Al 



(si) mwzm*ft$& 7 : ci2N 9/90, 15/61, cnp 19/02, 

C12N 1/19 //(C12N 1/19, C12R 1:865) 



(21) mm&mm^: 

(22) mffi&ffiB: 

(25) mffi&MOWlS: 

(26) BDRR&MOVB: 

(30) <I5fc*f "r — 3* : 

1#B@¥ 11/329045 



PCT/JPOO/02049 
2000 *P3 £ 30 B (30.03.2000) 

B*tS 



1999 ^1 1 £ 19 B (19.11.1999) JP 

(71) ai«Ar*BHf»<*Ta>»«Hicot^r;: xSM 

IK**<tt3ft f -5) B *IS (JAPAN as represented by SEC- 
RETARY OF AGENCY OF INDUSTRIAL SCIENCE 
AND TECHNOLOGY) [JP/JP]; T 100-8921 JKBiffiT" 
ft BB EBAMB— T S 3*1 Tokyo (JP). 

(72) RUB*; fe^tf 

(75) ft.«*/tUMA f*BH:o^T0)*;: tt»Ui»- 



( NAKAYAMA , Ken-ichi) [JP/JP]; T 305-0045 3EttiK 
O < lirfi*SH|-T@ 32-7-201 Ibaraki (JP). *fe»3?:£ 
GnCAMIrrYoshifumi) [JP/JP]: T 300-1233 3S****& 
TtTSfcBT 6-255 Ibaraki (JP). 

(74) VtmX: ¥**6$S. ^(HIRAKl, Yusuke et al.) ; T 

105-0001 mmum^&y n-Tin»n» it^ns 

&t:;U3F Tokyo (JP). 

(8i) «sb mw- US. 

(84) »£BI 3-n*'Wfr , (AT,BE f CH,CY,DE s 
DK. ES, FT, FR, GB. GR, IE, IT, LU, MC, NL, PT SE). 



(54) Title: ARABIDOPSIS-ORIGIN GDP-4-KETO-6-DEOXY-D-MANNOSE-3,5-EPIMERASE-4-REDUCTASE GENE 
3 (54) Sg0j?O)€ffc: vP-T pC^X^i*<7)GDP-4->r h -6— r*-**> W -X-3,5-ItV 9— tf-4- 

u$f? n-lfis* 

5} (57) Abstract: A gene of an enzyme participating in the synthesis of GDP-L-fucose. More particularly speaking, Arabidopsis- 
00 origin GDP-4-keto-6-deoxy-D-mannose-3 ? 5-epimerase-4-reductase gene and a process for producing GDP-L-fucose by using this 
enzyme. The enzyme encoded by this gene is: (a) a protein containing the amino acid sequence represented by SEQ ID NO:l; or 
^ (b) a protein containing an amino acid sequence derived from the amino acid sequence of SEQ ID NO:l by deletion, substitution, 
O addition or insertion of one or more amino acid residues and having a GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase 

O activity. Thus, GDP-L-fucose, which is essentially required in adding fucose having very important functions to sugar chains, can 
be efficiently produced in a large amount. 



i 



• 



INTERNATIONAL SEARCH REPORT 




Internationa) application No. 

PCT/JP00/02049 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C12N 9/90, C12N 15/61, C12P 19/02, C12N 1/19 // 
(C12N 1/19, C12R 1:865) 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C12N 9/90, C12N 15/61, C12P 19/02, C12N 1/19 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
SwissProt/PIR/GeneSeq, Genbank/EMBL/DDBJ/GeneSeq, 
WPI (DIALOG) , BIOSIS (DIALOG) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


PX 


WO, 99/64618, Al (DCV, INC.), 

16 December, 1999 (16.12.99) (Family: none) 


1-9 


PY. 


Bonin, C. P. et al . , "A bifunctional epimerase- 
reductase acts downstream of the MUR1 gene product and 
completes the de novo systhesis of GDP-L-fucose in 
Arabidopsis " , 

Plant Journal (2000), Vol.21, pp. 445-454 


1-9 


A 


BIOSIS No.: 199900035636 & Rizzi Menico et al . , 
"GDP -4 keto-6-deoxy-D-mannose epimerase/ reductase 
from Escherichia coli, a key enzyme in the 
biosynthesis of GDP-L- fucose, displays the structural 
characteristics of the RED protein homology 
superf amily" , Structure (1998), Vol.6, No. 11, 
pp. 1453-1465 


1-9 


A 


BIOSIS No.: 199800390115 & Tonetti M. et al . , 
"Preliminary crystallographic investigations of 
recombinant GDP- 4 -keto-6 -deoxy-D-mannose epimerase/ 


1-9 



Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: "T* 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
•*E" earlier document but published on or after the international filing "X" 

date 

*'L M document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other M Y M 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
17 May, 2000 (17.05.00) 


Date of mailing of the international search report j 
30 May, 2000 (30.05.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/02049 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



reductase from E. coli", 

Acta Crystallographica Section D Biological 
Crystallography (1998), Vol.54, No. 4, pp. 684-686 



Form PCT/1SA/2 10 (continuation of second sheet) (July 1992) 



•I 




+ 



f 



(19) S#fl3MRff««^M 

(43) mV&'&fflB 
2001 ^5 ^31 H (31.05.2001) 




PCT 



(10) BBg^BBM 
WO 01/38507 Al 



(5i) mmmwm 7 : cnN 9/90, 15/61, cup 19/02, 

C12N 1/19 //(C12N 1/19, C12R 1:865) 



(21) HlStUSIS^: 

(22) m&mma: 

(25) mm&mnmm: 

(26) U^^^CDKK§: 

(30) Q^lt^r — *: 

*$Bg ¥ 11/329045 



PCT/JPOO/02049 



(NAKAYAMA, Ken-ichi) [JP/JP]; T 305-0045 JS: 
O < [irfi«H-Te 32-7-201 Tbaraki (JP). i&ftJfX 
(JIGAMI, Yoshifumi) [JP/JP]; T 300-1233 XttA^At 
m*BT6-255 Tbaraki (JP). 



2000 *P3 £30 0 (30.03.2000) (74) ftSA: 3***661. *r(HIRAKI, Yusuke et al.) ; T 

105-0001 fi-tb i7#i# js^ ns 

B *IS & tf JU3F Tokyo (JP). 

B*g (81) fg^g us. 



1999 5m £ 19 B (19.11.1999) JP 



(84) ffi^n a — a (AT, BE, CH 9 CY, DE, 

DK, ES, FT, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



(7i) &mA(*m*&<±x<Dftj£miz^x):j:&tiLffi 



BcfirfWS^ -5 B *S (JAPAN as represented by SEC- 
RETARY OF AGENCY OF INDUSTRIAL SCIENCE 
AND TECHNOLOGY) [JP/JP]; T 100-8921 S^fB^f 
ft ffl EB^H-T B 3# 1 Tokyo (JP). 



= (72) §£W%; t$£Xf 
= (75) *C!B#/a3SIA (%kmiZ-Ol*X<Dfr): W UJ S - <D*V — H £#880 



(54) Title: ARABIDOPSIS-ORTGTN GDP-4-KETO-6-DEOXY-D-MANNOSE-3,5-EPIMERASE-4-REDUCTASE GENE 
<J (54) SgfE0>€?*: vP-<^^X^-a3fc<7)GDP-4->r h-6-ft*i/-D-7>;-X-3,5-Itf> 5— tf— 4 — 

1/^ (57) Abstract: A gene of an enzyme participating in the synthesis of GDP-L-fucose. More particularly speaking, Arabidopsis- 
0© origin GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase gene and a process for producing GDP-L-fucose by using this 
f^J enzyme. The enzyme encoded by this gene is: (a) a protein containing the amino acid sequence represented by SEQ ID NO:l; or 
(b) a protein containing an amino acid sequence derived from the amino acid sequence of SEQ ID NO:l by deletion, substitution, 
O addition or insertion of one or more amino acid residues and having a GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase 

O activity. Thus, GDP-L-fucose, which is essentially required in adding fucose having very important functions to sugar chains, can 
^ be efficiently produced in a large amount. 



WO 01/38507 Ai ifHfcll U IIII1 Oil I H 01 illU 0111 IQD HID mt DII10 till UII I1U 



(57) mm-. 

DS^riu'j h'^tisi^ii, ( a ) mum*} 1x^5^75; 



WO 01/38507 PCT/JPOO/02049 

m m » 

P 3* ±X± a GDP-4-fr b z§Z^A * ->-D- V > J -7.-3, 5- 

.*/0-f J* ^X^-EtJ3fc<E> GDP-4->5r h -6-r;*^>-D-v > y -*-3, 5-:ntf * ^ — if 
-4-l/^*~fc*5a£^ ^tfl^jtfe^^fJffli-S GDP-L-^n-^©gi^^C 

f ^is^a w t i&: ^ t 1 1 ^ s „ ^Mm^eJc^-rs^fc itii, it& 

ii^ii^ffl^sii 

ov>Ti^-(w^-rs c: t &mmx$> u , #i-a^<D#i& o /c^m*^iE u-r^ 
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aiia*«w^*n*-^©K»%fi!i^oiBia*c^y5it»'fcftc»i 

Si^^l^^K©^, GDP-L-7 n —^(£"7 n -^3»S£3fl It 

&&3£**M£;h<Tl^£. C<D GDP-L--7 3— GDP-D-V > ^ — * 3 ®!|5g0>&: 

(0 1) (Tonetti J. Biol. Chem. , Vol.271, 27274 (199 

L**U w<D«k^^^{£^L^ GDP-L-7U— *£<£J8U-CV> 
20 <titb. Mffiftl- GDP-L-7 n— 7.tfWm-$-&z £(£&V\ Z(Dtzlb^ £MWfrh 
GDP-L-7H — ^^#Ht-rsm^, -^©*{£@it)T:<£< A^i^fiffi-e^>S. £fc. -e 

w(D3©Pg£DHJ^^®^-rS^(£, S^O© 1 ®.mm<DRfoX'$>& GDP-D-^> 
25 y-**><bflfc2K£J&£ig- It GDP-4-4- h > ^ -^(Z^i- 
SSJ^^M^-r -5 GDP-D-7 V > -^-4, 6-f t H 7 ^ - "If i: , J Z<Dfr(D& l &4k%L 
tfMjnfcV^fc 2o©£0£*t? GDP-4-^ 

feT * 7— tf-4-W^^^— fe*£> 2jSmx**>-S„ WfoXlbZ>t'U>( Zj-Xj- (AraM 
dopsis thali ana ) T*te. *MB©KJ£%«»Ei-£ GDP-D--? W -X-4,6-r fc K 7 

2 
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-tfCDatte^i: l/T MUR1 ^gt(C#H$tlTV^-5 (Bonin P>, Proc. Natl. Acad. 
Sci. USA, Vol.94, 2085 (1997)). 

isfrlste&h* *©&0]*j£%ttJii-S GDP-4-^h-6-x;*3fS'-D--7>>'-* 
-3, 7 — If -4-1/ y * # — l?j!ft-y©#«KO^-C li*/£i§^tlt *S *b 
5 3g^^^_ # Ctt0>£tta<D GDP-4-^ b -6-r * 3r *>-D-^ > J -*-3. 

if^7 — - If -4- 1/ y * # — if *B PtH*©^ v ^K#J ifi^M £ *VTT 3 (DfrX-$> 

XftWOmmi*. GDP-L-73-^%»*A<^*-r*3feO© GDP-4->r h-6-r 
LO *3->-D-V > y -7.-3, ^ — fef-4-lx * -1?J|ft?tft«t* Z. £ 

( Arabidopsis thaliana ) Sl3fcCD GDP-4->5r b -6-r * 3f ->-D-^ > V -*-3, 5 
15 -oitV7-^-4-l/^^^-^^^-K^^^^( AtFX 'S^^) $: ^- |8E, - / ' CtD 

L-7n-^^trev^*«D©RlS*«IKi-* MURl afi^fc J: KttfBmS-fc!: 

20 -T&*>*>. *^BJ(i, J^TO (a) 3U£ (b) 3« 

(b) BBJiJ#^ 1 -e*$n*7 5 yMBTUKSvvr l (*ms&©7^ 

f*iP*U<«*»AS*i^7 5>'»E5y«:**» *>o GDP-4->r b 
-6-r**S'-D-V W -*-3, 5-J:HV ^-if-4-1/^^ ^— t'rStt^ W-T S ^ > 
25 /^I. 

##PJI±, fiHT© (a) 3U* (b) O^W^K%n-HtSDNA 

(a) e#i## i t**«n*7 5 y»Kwi**tf^ w^^n. 

(b) ge?ij#^ i -casnsTsyiHEaifcs^T i 3£u 75 

3 
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-6- -r * S/-D- v > y - J* -3, 5-a: Vf p< 7 - -tf -4- V # V Z - if 

COi^^fl^iUtlt 0flAtf, §£S W303/pY0-AtFX-Myc $fc ( F 
ERM BP-7 1 0 9) tfmfhtlZ. iS hlZ^ #§gHJt£. gEJ&® fgg|# ig 

mz&mL. %bnzmmvofrb gdp-4-^- h -6-^;* * ->-d- v > y — *-3, 5- 

^ ^— tf-4-l/i5r^^— iltr^t-rs GDP-4->!r 
->-D- V > y -JX-3, 5-31 fcV =7 -if -4- W y ^ # — fe*©MS£;fr& * «l«-r & . 
SMC. #^9JI£. iiai^m^^^-S.^ GDP-D-Wy-X-4,6-rfc 

*si«-r-5o rcDio^i^tfcii, mz.it. mm w303/ye p -muri-ha, p 

YO-AtFX-Myc (FERM BP-7 1 0 8) &mfbtl&. Zbl^. 
^7£R^^#:£J8V N "C GDP-D-^W— GDP-L-7 3— ^{C^g|-rS^r^Mtf 
C GDP-D--7 >y — ^ *t£>:ft€»ig^^J&> 

P> GDP-L-7 3->5.?:^-r-5 wi:*!|t^Ci:-r-5 GDP-L-7 3 -^©S^^ScfeSt 

329045 ^ (o m m zf/ x (*m ® k re® 3 ^ s ^ ^ * a ^ -r s . 



0 1 (i, GDP-D-VW — GDP-L-:7 3-^^©S^&J&^I£j^-tgJ-e£> 

So 

@2(i, ")x^>ynyf-f MUR1 S.tf AtFX ^ W^^RO»3R% 

g|3 &,HPLC (US GDP-L-7 3-X^^tt^^^^^^-r^ n V b^7A 
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^mmm^is^x. 7$smmnx.tfi&mmm<Dv&^i~±zmmz. iupac-iu 

1 . GDP-4-^ h-e-^^-^r^-D-Wy-^-S.S-XliV ^— -fc*-4-l/^ tfjt 

#|§BJ<7) GDP-4->!r h-6-x^#^-D-V>y-X-3, 5-:ntiV 9— t*-4-l/^^ 
3?—- tfjtte^fi* —Wt&3^mz%^X->U^^i-X^- ( Arabidopsis thai i ana ) 

IS. 

«dt*«-es*. ffrsgcD^n-r *-*-x-*-fc*c dna 7 ^ y tm^x 

15 *>«fc</\ 

Amom^^^m^^x. m 2 ~ 3 awe 10-100 Tsm^nmm^m^-r^ z 
20 y, pcR^"e<DJii(is^Rrtg-e*s. 

SB^JfcUTti, GenBank ^©&&©DNA@g^J^— — ^Kg^SnTl^Sfc 

25 &i&gie?U tbtll #1 {£, GenBank 7 ^ t 7 3 U38473, U5 

8766, &t>* AF045286 Kgli^nT^Sfcoa^Jf ^n<5. £ <b T^-T x' — % 

5 
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5' -ATT GGTACCA TGTCTGACAAATCTGCCAAAATCTTCGTC-3' (@B^J#-^ 3 ) 
5 5'-TTAGTCGACGATATCTCGGTTGCAAACATTCTTCAAATACCAATCATAAG-3' (@E?!l#-^4) 

10 PCRfcffafc*OPCR»«U:ii, iIkbt)8^cDNA7'f^7UR 

H*** u , w cd «k ? & p c r ci^ts c *: a*-e t £ 



15 ^ l 



10XLA PCR Buffer II (Mg 2+ plus) 


5 


ni 


dNTP Mixture (# 2.5 mM) 


8 


H\ 


H^'fT- (20pmol/^l) 


1 


Hi 


7*-??^ V— (20pmol//xl) 


1 


Hi 


cDNA7-f^7'J- (1 ng/^l) 


1 


Hi 


TaKaRa LA Taq (5 U/^ 1) 


0.5 


Hi 




33.5 


H I 


£rfr 


50.0 


Hi 



20 S^til^t-li* 5 . 0>J*.f£, 94°CTM5# 50°CT*30^ ( T — — U 
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s^cD-e^ni^v^-rnfe^ffl-rs c t^'-ets^ 0O*.J£, *B§KEtj3fc£>pBR322 

^ P UC19 & if £ 6 w i: **T- 1 
5 ^(DJ:^^^^ bfcbtli, ^JA(^ TA ^D-->^5/h (Invitrogen) 

T. Man i at is b<Dfi& [Molecular Cloning, Cold Spring Harbor Laboratory, Is 
10 t Edition, p. 250 (1982)], F. M. Ausubel *b CD Short Protocols in Molec 
ular Biology, 4th Edition, 1-27 (1999)]^^*#tf h*l&. 

#fgHJlCDDNACDJ&S@3?IJJ±, ±ti(D^oiZLtnhtl?>Zf^7,^ K£JBV\ 

y^^->^#©^co^i*(i«koT^^-rs d h^T*S-S„ C CD <fc 5 &i&*BS 
15 #J^.t^ $/-^zm-yb (PE Biosys terns) rfmifbtl*. £ h IZ % #^0) 

# W^Hfi GDP-4-^ b-6-f^^^-D-7>y-7-3,5-x|f^ 5—- 

1 C^$tl-5t.©{I|5g^^tlS ; fc©T*{i^<. f£#W^Ka* GDP-4-^h-6-x 
;* * ->-D- T > J - * -3, 5-3: fcf p« ^ - -tf -4- if % W i" 3 fig 0 K 

25 #fgBjCDDNAJ±, JiIHCD «t O **mW<D $ > *9 ftCDT ^ J £ ^ - K 

#l*t£. @5^J#^2Kii£n<5J&*i2m*iMf ^tt€>. BS#l#-% 2 dm$4a£i& 
»ie^J^^CO^SiB^J : S:^ti'*%0J©DNA(i, gPfef#H6*)^JI^f&?& (Zoller 

7 
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<b, Nucleic Acids Res., Vol. 10, No. 20, 6487-6500 (1982)), 4t¥&3&mm 

Efi3fc0>y^*^ K YEp352GAP, YEp5L pSH19, pY0325 <b;ft,S. 

m^im*? 2 — Ci^ODNAi: ltd ^©DNAt'^ot^ ^-©5' 
5fc$ffiiC^!RBil#J3 KVC*S ATG 3' ^JgdSiRi&lhH b* >T'£>S TAA, T 

GA3Z.&TAG &<D*m^Z>* £/c. 5* *SSX(i 3' *SSC 0!|*.£^'7 4Ol' 

10 ^~>^>^^S©-gP^-e*>-5^$t^5t^^GST 
* Kitted £ * "ttt mm. S -tt-C t» i: v\ 

15 IIEMI>ii* s iSt^S^(:li, ^n^e-^ i: Itll enoi ^o^-^ 

GAL10 — # x GAPDH^n^e-^, ADH ^D^-^^lf *b;HS. 

20 mu^-t^^±^Bm-C'$>?>m^^i±. ^tutit enoi 

# % GAL10 # — 5* — GAPDH £ — ^ ^ — ^ , ADH # — ^ * — ##**#tf f>tl5, 
25 JhiS T2. #fPJ©DNA£^m-t£§£3i^#— ©Ht^J ©SB® Kfi^ Tig 
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$J*.i£, Ih^F-^M ( Saccharomyces cerev i s i ae ) (D4&(D&M (Pic 
hia pastoris ^nf^lf^)tl5. GDP-L-7 n -7>©£jg dBfttfi 

£Jll^-5Ji^, -f&fc)^ £#^-CGDP-L-:7 3--;*££jgi-6J§-S\ ijfflfl&Mfc-e 

Z(D£otZlsTnbtlZ> mnmWkfc ULTlZ.mZ. it W303/pY0-AtFX-Myc F 
10 ERM BP-7109) *m\f & Z. fc**-Ct*. 

£ t>H s J^R<Eift#©«f*(U: 0 GDP-L-T7 n -7<£>£g£ff SfcfcKfck }g£ 

t*> *e>a*c& gdp-d-tw — ^-4,6-ft H7^- t'^^-rs^m^^^— 

t*TOi$^t^5*\ fcSl^fi** GDP-D-V >y —J* -4, 6-rk — "fe* 

&fgSUTV^S*»©T**S&K#*5.GDP-D-^>>'— *-4,6--rfc bfjg 
15 fc^fcU-Cli, #£L<t£^n-f *-^X^£3fc©MURl jtte^Pfcffiv^S. 

GDP-D-V>y-^-4,6-ffc tf4»St*»S^^*-li,*JHSO# 

*Jt?t5. fc/cU GDP-D-"7 W— 7x-4,6-rfcl h*7^-t'^3-KtSDNA?: 
i7 P - - V ^"T S |gt© P C R IZ fcH^T^ffl-T 5 -7=7 -f v — {£, GDP-D-^ > y — 
20 4,6-rfc K7^-^ae^©^©*afiB^J©Jt«#t-«k U»tfL/fct.©4fflv^ 

7*7- K7"5-f V- : 

5' -GTCGAATTCATGGCGTCAGAGAACAAC-3' (I2?U## 5 ) 

25 

5' -GAACTCGAGAGGTTGCTGCTTAGCATC-3' (BB^JS^ 6 ) 

±IE£> J: r> GDP-D- V W - 7.-4, 6-5^ H =7 Z — If & flSH" S fSSi^ 7 # - 
*^A$*l^Mi£gl#:£: #J;U£W303/YEp-MURl-HA& (F E RM BP 

-7 1 o 7) imvf btiz. 3f>K, z<D&o&mn&&#-iz%imM<Dmm.*? 

9 



WO 01/38507 



PCT/JJP00/02049 



*-*mAl;tt&m$&&ft£ W303/YEp-MURl-HA,pY0-AtFX-Myc 
^ (FERM BP-7 10 8) ^flff>tl5„ 

W303/pY0-AtFX-Myc $U W303/YEp-MURl-HA tfc, S.tf W303/YEp-MU 
Rl-HA.pYO-AtFX-Myc&te, ttl^tlF ERM BP-7109, FERM BP 
5 -7107, RtFFERM BP-7108 ©g^Sf T', XltiK4^If 

W303/pY0-AtFX-Myc*fc), 3U£ GDP-D-V > y -X-4, 6-7^ tffcfER"f S 

10 MC^ASnTl^-BJgJtlESIft: (^J^«. W303/YEp-MURl-HA, p 

YO-AtFX-Myc $0 £MJ&igifcKig« U tlS«F*ft** <b#fP;i©# 
SC, GDP-4->r h-6-r^-#->-D-V>y -^-3,5-3itr^ =7—*f-\-V%9 

(o 7 )v u — jvmtfm v > h n-s . 
25 bn&o 

«rK, @|§&i&*-r&/c#)£>i&iiiifc btli, YPDigife, SDig«b#A^ 

10 
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ffiv^f>^aSSSfflT-*>4a(i«k < , 1#i::$!lRg£*i&v>a\ L < t£ 5.0~7.5, <fc U 
ffl$ntV>5 RPMI1640 Jgitil, DMEM^«feX(icmf ? ©^ft&^^->fl&^lfil^#'fe^ 

^%i:L-c(i, -figtc-fie^^nTv^A^^ystrx^-^ (ms) ©JSJfc**jg 
it. -«fl*i&»3Hk3*fijs, s d s jk y 7 ^ u ;i/7 s k y->Mt 

5. GDP-L-7H— ^£D^^ 
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*mBna>mm^ gdp-d-vw — * -4,6-5^ 

5 ^^^^-©^*^A$ttT^S^R^Mf*: (flJAtf* W303/YEp-MURl-HA,p 
YO-AtFX-Myc $0 GDP-D- V > y -7. £±£Cjl*0&JgifetC;tg^ U %btlZi& 

Mfummfcz&m-f steams urn. mmmm. vH^nmo&mz. ±m u. 

± Ifii&«4£l *^ © GDP-L- 7 3-7(0ia5li« m^ifflJ^ % it iL>#Si CJiotigt 

15 ±iB©±?t®^^^©GDP-L-7=i-^cD#{i8 -mmiz. mmm-e&ti&f&miz 

HPLC t^i^^ll^tT^CiKZj; C t^'t'tS. - £ l^S YJl>*>j&m j f 

h n&mw iz mfc-t z> z t tf-e t & . 

20 (2) P^^^ffiV^^^J^(Ci:S GDP-L-7H— *(D±m 

i£fPI£Jft©»fl i: It GDP-D-^>y--*£jBiNSJii£-t~|£, ^gt^siigii 
GDP-D- V > y —.7.-4, 6-ft h*7^— bf^tf GDP-4-^ h-6-"r^-^>>-D-v> y - 
25 X-3,5-Jlf^7- fcf -4- V#V*-^ (&mW<D$>A?m.) X*$>& 0 ZftbO 
&m&. ftlfn?:Mt5fI^#: (mZ.lt. W303/YEp-MURl-HA fltXtf W30 
3/pYO-AtFX-Myc $0 fcigifelCJgli LT fOftCg^ Itffl^t 

03/YEp-MURl-HA,pY0-AtFX-Myc ft) fcigJl&KJgll UtM^tS. ^Kfs^O 

12 
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5 ±EVSSfttttEKfc*« GDP-D-t W -**«**Jt?**||«u 

#T-e»*fi**tf^c:4:*«t?**. ttKjSjftu:^ ^t^bT, NADPH ^© 

*L<li»37t;fcU pHfcfc, *f£L< (£6.0-8.0. J: y «P* L< lift 7.5 fcf 
10 *. P H fe^MOiglC^tS/cOCIi, Tris-HCl *©«**fcJ8^* C 

15 fftgJ-tsd^as-trts. 

8£ GDP-L-7n-^li73-^tfij|0^©g|;i^j :l/tMt 

AtFx m&^nmmiizfmfmfc 

i/U^ ( Arabidopsis thai i ana ) OcDNA^^y^iJ^^^x, P 

CR»l:J:6AtJXIftf©^D-=>^^ fc . cDNA 5 <fr5 , Ji:l/T|j . 
25 QUICK-Clone cDNA (CLONTECH ft) ^^v^ 

^' f7 " ,t T-*'<-X±tZ§tmi!tlX^Zmmmm (DB£ rGenBank; 
T*-fe^> 3 >#-?§• :U38473. U58766, J&Zf AF045286) ^at^^TKWLfc. * 
©IRK. * W<*« a- K LT ^«ff^MIHM««^T««i:« y 
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5' -ATTGGTACCATGTCTGACAAATCTGCCAAAATCTTCGTC-3' (@e#i#-J§- 3 ) 
5 V ^-7.^7^-7- : 

.5' -TTAGTCGAC GATATC TCGGTTGCAAACATTCTTCAAATACCAATCATAAG-3' (@2?!J#-S§- 4 ) 

10 ±IB QUI CK-C lone cDNA (CLONTECH }±) LT/Bl\ ilB^y^-l'^ — ^ 

tfflltPCR^Uo^ PC R?§M©^{iJ^T©« 2 (C^-To 



^2 

PCRM©M 



10XLA PCR Buffer II (Mg 2+ plus) 


5 


Ml 


dNTP Mixture (£-2.5 mM) 


8 


Ml 


7^7-H77-T7- (20pmol/Ml) 


1 


Ml 


Vs*— 777-fV- (20pmol/Ml) 


1 


Ml 


cDNA7^77'J- (1 ng/^D 


1 


Ml 


TaKaRa LA Taq (5 U/yl) 


0.5 


Ml 




33.5 


Ml 




50.0 


Ml 



PCR©*Sg^M£. 94°CT- 15 # (^<&\ 50°CT*30# (T—~V 
68°CT*27> ©&J&£ 30-9- -f^/l/fc U/c. 

C(DPCRi:J:ot#f,«lkbp (DDNAmmmK*. 7*>U-*mi^t* 
20 ft-e^^U/c^, TA^D-— (Invitrogen) £ ffl l^T pCR2. 1 # 

/Bv^^-^mVT^y h (PE Biosystems) <C £ »J Ufc C O^SSB^J £ 12 
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AtFX iUfc^fgm^ff-Rtf MUR1 3§^%m^^^-CD^. tfLtflZZftbO 

pCR2. 1 ^^^-C^A^nTV>S AtFX jg^^CD EcoRVgPffit^ *ISi&#ll§C 3 
5 — 3xMyc jE'fe? (Evan Mol. Cell Biol., Vol.5, 3610 (1985)) A 

t?imB?ll7 U-A*^o «fc 5 CffAlfe. ^©Mycjg£?£^fr AtFX jtfe^ 
£ KpnI-XhoI -e$iy tfcU Z&mK*. m^O^^L^? 2 -YE P 352GAP (Roy 
J. Biol. Chem., Vol.273, 2583 (1998)) (D ^)V^^ U— —Z/#U$L*. pUC18 (O 
>^&<D-5*><DEcoRI**£>SalI £T-©SB#-0£ 0#>A/c#§Siffi 
10 — YEp352GAP-II (DKpnI-Sall 8P<fciw}f AUfc. Sf»i:i©^^-*»f> G 

APDH T/D^E — AtFX-Myc, GAPDH 3? — 5 * — # CD 3 OCDgfl^&^OBfJi £ BamH 

1 ^fflv^r^ou £bu, mmK*. lue2^— a *—py 

0325 (Qadotat>, Yeast, Vol.8, 735 (1992)) © BamHI SPfetrjf A U AtFX 
^fggl^ ? # — pYO-AtFX-Myc % 1ft§| L fc. 
15 MUR1 attest. ^JS#J1 fc|lil;|SU^PCR£fflV^*D-->yu*:. 

5' -GTCGAATTCATGGCGTCAGAGAACAAC-3' (S3^J#^- 5 ) 

20 5' -GAACTCGAGAGGTTGCTGCTTAGCATC-3' (iE#l#-5§- 6 ) 

MUR1 Site?*: YEp352GAP^^i5?— (Roy h. J. Biol. Chem., Vol.27 
3, 2583 (1998)) <D EcoRI fflJffiCjPAU 2 <b (w-f >:7 l^-AClfcS <fc d 3xHA 
WaStJEKa-te?* Pvul I UT MUR1 jlfe^fSSi^ * -YEp-MURl-HA * 

25 ZftbOftn^? ^tt^tt#^T'X(i2o-^(I^S© W303-lA^(u 

ra3, lue2, his3, trpl, ade2) (Kainuma Glycobiology, Vol.9, 133 (1999)) 
pYO-AtFX-Myc <D«^£ ^fr W303/pY0-AtFX-Myc 1*, YEp-MURl-HA (D 
W303 /YEp-MURl-HA pYO-AtFX-Myc £ YEp-MURl-HA (DMfi^iiStt 

W30 3 / YEp-MUR 1 -HA , pYO-AtFX-Myc 
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MURl # W^f£&tf AtFXff W^Rfpgggft-crofgggi 

5 £"f. ±ia^M^^ (W303/YEp-MURl-HA $U W303/pY0-AtFX-Myc ^tfW3 
03/YEp-MURl-HA,pY0-AtFX-Myc$O JkT? W303 tl^n fe SD igi&± J- "C 30r 

feitifraf^ (100.000X 6 0#Pp3) tSC »J «U6KBi#*:tt 

10 £fci&iffl3r£, 0. 5mM DTT 20mM Tris-HCl (pH7.5) fCjgj^U, Sephadex G50 

(Pharmacia. 0. 5mM DTT £ ^ti 20mM Tris-HCl, pH7. 5, 1. 3 c m x2. 6 c m) TrBft 
*"T*Ci:m:»J»*tt 5 fe#fc. SES»^^t 4 BCA (RIERCE) £J9 

^x#>'*?MfeM*'if^tz. j tti"en<!?i/^#n loo^g ctasts^i^ £ 

oT SDS-PAGE fcfr ofc^. PVDF K(C«AAd(w4E9 U fnfft, HA Jntffc^ L < 
15 liMycfflttfeJB^T* W^«©ffc3RfcWBU/c(B2). 

^<D*£m. W303/YEp-MURl-HA Ifc&tF W303/YEp-MURl-HA, pYO-AtFX-Myc $TO& M 
UR1 W303/pY0-AtFX-Myc tfc&tf W303/YEp-MURl-HA, pYO-AtFX-Myc 

^-e i± AtFX # * U T V > S 3. £ *b tlfe. 

20 GDP-L-7 J 

GDP-L-^u-^-^^ttiaj^ti, #I^S^J3•r♦p^L^^^{wOv^^:, SS 

i: UT GDP-D-T>y — ^®B^£ 50mM NADPH £/Bv^TfTO*: tt 
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SEQUENCE LISTING 

<110> Secretary of Agency of Industrial Science and Technology 

<120> A GDP-4-keto-6-deoxy-D-mannose-3, 5-epimerase-4-reductase 
Gene From Arabidopsis Thaliana and Method for Producing 
A GDP-fucose Using Thereof 

<130> PH-935-PCT 

<150> JP 11-329045 
<151> 1999-11-19 

<160> 6 

<170> Patentln Ver'.\ 2.0 

<210> 1 
<211> 312 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 1 

Met Ser Asp Lys Ser Ala Lys He Phe Val Ala Gly His Arg Gly Leu 
15 10 15 

Val Gly Ser Ala He Val Arg Lys Leu Gin Glu Gin Gly Phe Thr Asn 
20 25 30 
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Leu Val Leu Lys Thr His Ala Glu Leu Asp Leu Thr Arg Gin Ala Asp 
35 40 45 

Val Glu Ser Phe Phe Ser Gin Glu Lys Pro Val Tyr Val He Leu Ala 
50 55 60 

Ala Ala Lys Val Gly Gly lie His Ala Asn Asn Thr Tyr Pro Ala Asp 
65 70 75 80 

Phe He Gly Val Asn Leu Gin He Gin Thr Asn Val He His Ser Ala 

85 90 95 

Tyr Glu His Gly Val Lys Lys Leu Leu Phe Leu Gly Ser Ser Cys He 
100 105 110 

Tyr Pro Lys Phe Ala Pro Gin Pro He Pro Glu Ser Ala Leu Leu Thr 
115 120 125 

Ala Ser Leu Glu Pro Thr Asn Glu Trp Tyr Ala He Ala Lys He Ala 
130 135 140 

Gly He Lys Thr Cys Gin Ala Tyr Arg He Gin His Gly Trp Asp Ala 
145 150 155 160 

He Ser Gly Met Pro Thr Asn Leu Tyr Gly Pro Asn Asp Asn Phe His 
165 170 175 



Pro Glu Asn Ser His Val Leu Pro Ala Leu Met Arg Arg Phe His Glu 
180 185 190 
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Ala Lys Val Asn Gly Ala Glu Glu Val Val Val Trp Gly Thr Gly Ser 
195 200 205 

Pro Leu Arg Glu Phe Leu His Val Asp Asp Leu Ala Asp Ala Cys Val 
210 215 220 

Phe Leu Leu Asp Arg Tyr Ser Gly Leu Glu His Val Asn He Gly Ser 
225 230 235 240 

Gly Gin Glu Val Thr He Arg Glu Leu Ala Glu Leu Val Lys Glu Val 
245 250 255 

Val Gly Phe Glu Gly Lys Leu Gly Trp Asp Cys Thr Lys Pro Asp Gly 
260 265 270 

Thr Pro Arg Lys Leu Met Asp Ser Ser Lys Leu Ala Ser Leu Gly Trp 
275 280 285 

Thr Pro Lys Val Ser Leu Arg Asp Gly Leu Ser Gin Thr Tyr Asp Trp 
290 295 300 

Tyr Leu Lys Asn Val Cys Asn Arg 
305 310 



<210> 2 
<211> 936 
<212> DNA 
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<213> Arabidopsis thaliana 

<220> 

<221> CDS 

<222> (1)..(936) 

<400> 2 

atg tct gac aaa tct gcc aaa ate ttc gtc gcg ggt cat cgt ggt ttg 48 

Met Ser Asp Lys Ser Ala Lys He Phe Val Ala Gly His Arg Gly Leu 

15 10 15 

gtt gga tct gcc att gtc cgc aag ctt cag gaa caa ggt ttc acc aat 96 
Val Gly Ser Ala He Val Arg Lys Leu Gin Glu Gin Gly Phe Thr Asn 
20 25 30 

etc gtt ctt aaa aca cac gcc gag ctt gat etc act cgt caa gcc gat 144 
Leu Val Leu Lys Thr His Ala Glu Leu Asp Leu Thr Arg Gin Ala Asp 
35 40 45 

gtt gaa tec ttc ttt tct caa gag aag cca gtt tat gta ate eta gca 192 
Val Glu Ser Phe Phe Ser Gin Glu Lys Pro Val Tyr Val He Leu Ala 
50 55 60 

gca get aaa gtt ggt ggt att cac get aac aac acc tat cct get gat 240 
Ala Ala Lys Val Gly Gly He His Ala Asn Asn Thr Tyr Pro Ala Asp 
65 70 75 80 

ttc att ggt gtc aat etc cag att cag acc aat gtg ate cac tct gca 288 
Phe lie Gly Val Asn Leu Gin He Gin Thr Asn Val He His Ser Ala 
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85 



90 



95 



tat gag cac ggt gtg aag aag ctt etc ttc ctt gga tea tec tgc att 
Tyr Glu His Gly Val Lys Lys Leu Leu Phe Leu Gly Ser Ser Cys He 
100 105 110 



336 



tac cct aaa ttt get cct cag cca att cct gag tct get ttg tta aca 
Tyr Pro Lys Phe Ala Pro Gin Pro He Pro Glu Ser Ala Leu Leu Thr 
115 120 125 



384 



gca teg ctt gaa cca act aat gag tgg tat get att get aag ate get 
Ala Ser Leu Glu Pro Thr Asn Glu Trp Tyr Ala He Ala Lys He Ala 
130 135 140 



432 



ggg att aag act tgt cag get tat agg att cag cac gga tgg gat gca 
Gly He Lys Thr Cys Gin Ala Tyr Arg He Gin His Gly Trp Asp Ala 
145 150 155 160 



480 



ate tct ggc atg cct act aat etc tat ggt cct aat gac aat ttc cac 
He Ser Gly Met Pro Thr Asn Leu Tyr Gly Pro Asn Asp Asn Phe His 
165 170 175 



528 



ccg gag aat tct cat gtg ctt cct get ctt atg agg agg ttc cac gag 
Pro Glu Asn Ser His Val Leu Pro Ala Leu Met Arg Arg Phe His Glu 
180 185 190 



576 



gcg aaa gtg aat gga gcg gag gaa gtt gtg gtg tgg ggt aca ggt agt 
Ala Lys Val Asn Gly Ala Glu Glu Val Val Val Trp Gly Thr Gly Ser 
195 200 205 
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ccg ttg agg gag ttc ttg cat gtt gat gat ttg get gat get tgt gtt 672 
Pro Leu Arg Glu Phe Leu His Val Asp Asp Leu Ala Asp Ala Cys Val 
210 215 220 

ttc ttg ctg gat cga tac age ggg ttg gag cat gtt aac att gga agt 720 
Phe Leu Leu Asp Arg Tyr Ser Gly Leu Glu His Val Asn He Gly Ser 
225 230 235 240 

ggt caa gaa gtg act att aga gag ttg get gag ttg gtg aaa gag gtt 768 
Gly Gin Glu Val Thr lie Arg Glu Leu Ala Glu Leu Val Lys Glu Val 
245 250 255 

gtt ggt ttt gaa ggg aag ctt gga tgg gat tgc act aag cca gat ggc 816 
Val Gly Phe Glu Gly Lys Leu Gly Trp Asp Cys Thr Lys Pro Asp Gly 
260 265 270 

aca ccg agg aaa ctt atg gac age tea aag etc gcg tct ttg ggt tgg 864 
Thr Pro Arg Lys Leu Met Asp Ser Ser Lys Leu Ala Ser Leu Gly Trp 
275 280 285 

aca cct aag gtt tct ctt aga gat ggt ctg age caa act tat gat tgg 912 
Thr Pro Lys Val Ser Leu Arg Asp Gly Leu Ser Gin Thr Tyr Asp Trp 
290 295 300 



tat ttg aag aat gtt tgc aac cga 
Tyr Leu Lys Asn Val Cys Asn Arg 
305 310 



936 
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<210> 3 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 3 

attggtacca tgtctgacaa atctgccaaa atcttcgtc 39 



<210> 4 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 4 

ttagtcgacg atatctcggt tgcaaacatt cttcaaatac caatcataag 50 

<210> 5 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence rPrimer 
<400> 5 

gtcgaattca tggcgtcaga gaacaac 



<210> 6 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 6 

gaactcgaga ggttgctgct tagcatc 
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INTERNATIONAL FORM 



BUDAPEST TREATY ON THE INTERNATIO- 
NAL RECOGNITION OF THE DEPOSIT OF 
MICROORGANISMS FOR THE PURPOSES OF 
PATENT PROCEDURE 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page. 

TO DEPOSITOR: 

Name: Dr. Shinichi OHASHI, Director-General of National Institute of 

Bioscience and Human-Technology Agency of 

Industrial Science and Technology 
Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 



1. IDENTIFICATION OF MICROORGANISM 



Identification Reference Given by the Depositor: 
W303 /YEp-MUR 1 -HA 



Accession Number: 
FERMBP-7107 



2. A SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC POSITION 



The microorganism identified under 1 above was accompanied by a document 
stating the following item(s). 

■ A Scientific Property 
□ Taxonomic Position 



3. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified 
under 1 above, which was received on November 17, 1999. 
(date of the original deposit) 



4. RECEIPT OF REQUEST FOR TRANSFER 



This International Depositary Authority received the microorganism under 1 above 
on November 17, 1999 (date of the original deposit), and received on March 28, 2000 , 
a request for transfer from the original deposit to the deposit under the Budapest treaty. 
(Transferred from FERM P- 17649 deposited on November 17, 1999) 



5. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Institute of Bioscience and Human-Technology 
Agency of Industrial Science and Technology 

Representative: Shinichi OHASHI (sealed) 
Dr. DIRECTOR GENERAL. 

Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 305-8566, JAPAN 

Date: March 29, 2000 
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BUDAPEST TREATY ON THE INTERNATIO- 
NAL RECOGNITION OF THE DEPOSIT OF 
MICROORGANISMS FOR THE PURPOSES OF 
PATENT PROCEDURE 

RECEIPT IN THE CASE OF AN ORIGINAL 
DEPOSIT 

issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this 
page. 
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(Translation) 

INTERNATIONAL FORM 



BUDAPEST TREATY ON THE INTERNATIO- 
NAL RECOGNITION OF THE DEPOSIT OF 
MICROORGANISMS FOR THE PURPOSES OF 
PATENT PROCEDURE 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page. 

TO DEPOSITOR: 

Name: Dr. Shinichi OHASHI, Director-General of National Institute of 

Bioscience and Human-Technology Agency of 

Industrial Science and Technology 
Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 



1. IDENTIFICATION OF MICROORGANISM 



Identification Reference Given by the Depositor: 
W303/YEp-MURl-HA, pYO-AtFX-Myc 



Accession Number: 
FERM BP-7108 



2. A SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC POSITION 



The microorganism identified under 1 above was accompanied by a document 
stating the following item(s). 

■ A Scientific Property 

■ Taxonomic Position 



3. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified 
under 1 above, which was received on November 17, 1999. 
(date of the original deposit) 



4. RECEIPT OF REQUEST FOR TRANSFER 



This International Depositary Authority received the microorganism under 1 above 
on November 17, 1999 (date of the original deposit), and received on March 28, 2000 , 
a request for transfer from the original deposit to the deposit under the Budapest treaty. 
(Transferred from FERM P- 17650 deposited on November 17, 1999) 



5. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Institute of Bioscience and Human-Technology 
Agency of Industrial Science and Technology 

Representative: Shinichi OHASHI (sealed) 
Dr. JDIRECTOR GENERAL. 

Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 305-8566, JAPAN 

Date: March 28, 2000 
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page. 
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